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(57) Abstract 




A laser diode package in- 
cludes a heat sink, a laser diode, 
and an electrically nonconduc- 
tive (i.e. insulative) substrate. 
The laser diode has an emit- 
ting surface and a reflective sur- 
face opposing the emitting sur- 
face. The laser diode further has 
first and second side surfaces be- 
tween the emitting and reflective 
surfaces. The heat sink has an 
upper surface and a lower sur- 
face. The first side surface of the 
laser diode is attached to the heat 
sink adjacent to the upper sur- 
face. The substrate is attached 
to the lower surface of the heat 

sink. The heat sink is made of heat conducting metal such as copper and the substrate is preferably made from gallium arsenide. The 
substrate is soldered to the heat sink as is the laser diode bar. Due to the presence of the substrate at the lower end of the heat sink, each 
individual laser diode package has its own electrical isolation. Several packages can be easily attached together to form a laser diode array. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C&te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/59086 



PCTYUS00/08301 



LASER DIODE PACKAGING 

FIELD OF THE INVENTION 

The present invention relates generally to lasers diodes and, in particular, to a 
package for a laser diode that is easy to manufacture, has a low thermal resistance, and 
requires no beryllium oxide. 

5 BACKGROUND OF THE INVENTION 

Semiconductor laser diodes have numerous advantages. They are small in that 
the widths of their active regions are typically submicron to a few microns and their 
heights are usually no more than a fraction of a millimeter. The length of their active 
regions is typically less than about a millimeter. The internal reflective surfaces, which 

10 produce emission in one direction, are formed by cleaving the substrate from which the 
laser diodes are produced and, thus, have high mechanical stability. 

High efficiencies are possible with semiconductor laser diodes with some pulsed 
junction laser diodes having external quantum efficiencies near 50%. Semiconductor 
lasers produce radiation at wavelengths from about 20 to about 0.7 microns depending on 

15 the semiconductor alloy that is used. For example, laser diodes made of gallium arsenide 
with aluminum doping (AlGaAs) emit radiation at approximately 0.8 microns (-800 nm) 
which is near the absorption spectrum of common solid state laser rods and slabs made 
from Neodymium doped, Yttrium- Aluminum Garnet (Nd: YAG), and other crystals and 
glasses. Thus, semiconductor laser diodes can be used as the optical pumping source for 

20 larger, solid state laser systems. 

Universal utilization of semiconductor laser diodes has been restricted by 
thermally related problems. These problems are associated with the large heat 
dissipation per unit area of the laser diodes which results in elevated junction 
temperatures and stresses induced by thermal cycling. Laser diode efficiency and the 

25 service life of the laser diode is decreased as the operating temperature in the junction 
increases. 

Furthermore, the emitted wavelength of a laser diode is a function of its junction 
temperature. Thus, when a specific output wavelength is desired, maintaining a constant 
junction temperature is essential. For example, AlGaAs laser diodes that are used to 
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pump a Nd:YAG rod or slab should emit radiation at about 808 nm since this is the 
wavelength at which optimum energy absorption exists in the Nd: YAG. But, for every 
3.5°C to 4.0°C deviation in the junction temperature of the AlGaAs laser diode, the 
wavelength shifts 1 nm. Accordingly, controlling the junction temperature and, thus, 

5 properly dissipating the heat is critical. 

When solid state laser rods or slabs are pumped by laser diodes, dissipation of the 
heat becomes more problematic since it becomes necessary to densely pack a plurality of 
individual diodes into arrays which generate the required amounts of input power for the 
larger, solid state laser rod or slab. However, when the packing density of the individual 

10 laser diodes is increased, the space available for extraction of heat from the individual 

laser diodes decreases. This aggravates the problem of heat extraction from the arrays of 
individual diodes. 

To remove heat from the laser diodes, some laser diode array packages have used 
beryllium oxide which has a relatively high thermal conductivity while being electrically 

1 5 insulative. One known commercially available package which attempts to resolve these 
thermally-related problems by use of beryllium oxide is produced by Laser Diode Array 
Inc. of Auburn, New York. This package generally includes a beryllium oxide structure 
into which a plurality of grooves are cut, etched or sawed. A metallized layer extends 
from groove to groove to conduct electricity through the laser diodes that are within the 

20 grooves. 

However, beryllium oxide is a hazardous material and requires additional care in 
handling. This is especially true when the beryllium oxide is being mechanically 
processed (e.g. cutting or sawing) which produces airborne particles of the beryllium 
oxide. Because it requires additional care in handling and shipping (e.g. additional BeO 

25 warning labels), it is relatively expensive when considering the cost of the overall laser 
diode array package. Additionally, once the laser diode bar is placed within the groove, 
its reflective surface is not accessible for cleaning after the array has been assembled. 
Furthermore, it is difficult to test an individual laser diode bar before it is placed in the 
grooves. Thus, a laser diode bar lacking the desired operational characteristics for a 

30 specific array must often be removed from a groove after it has been installed. 

A need exists for a thermally efficient laser diode package which is easy to 
assemble and test, and which preferably lacks the hazardous beryllium oxide. 
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SUMMARY OF THE INVENTION 

The present invention solves the aforementioned problems by providing a laser 
diode package that includes a heat sink, a laser diode, and an electrically nonconductive 
(i.e. insulative) substrate. The laser diode has an emitting surface and a reflective surface 
5 opposing the emitting surface. The laser diode further has first and second side surfaces 
between the emitting and reflective surfaces. The heat sink has an upper surface and a 
lower surface. The first side surface of the laser diode is attached to the heat sink 
adjacent to the upper surface of the heat sink. The substrate is attached to the lower 
surface of the heat sink. 

1 o Preferably, the heat sink is made of heat conducting metal such as copper and the 

• substrate is primarily made from gallium arsenide. The substrate is soldered to the heat 
sink as is the laser diode. In one embodiment, the heat sink is coated with a layer of 
solder such that at least its surfaces that will contact the laser diode and the substrate are 
"pretinned." The laser diode and substrate are then attached to the heat sink during one 

1 5 soldering step in which the heat sink is heated above the melting point of the solder layer 
on its surface. 

The exposed second side surface of the laser diode preferably includes a layer of 
solder so that two packages can be joined. Accordingly, the heat sink of a first package 
is placed in contact with the laser diode bar of a second adjacent package. The packages 
20 are then heated to a point where the solder layer on the laser diode reflows and the laser 
diode of the second package becomes integral with the heat sink of the adjacent first 
package. To avoid reflowing all solder present in the package, the solder layer on the 
laser diode is a lower melting temperature solder than the other resident solders of the 
package. Numerous individual packages can be made integral in such a fashion resulting 

25 in a multi-bar laser diode array. 

A laser diode package and a laser diode array that are constructed in this manner 
lack the hazardous beryllium oxide. More importantly, each individual package has its 
own electrical isolation and can be directly soldered to an ultimate heat sink. 
Furthermore, each individual package can be tested on its own before being placed in an 
30 array to ensure that it will function within the operational parameters (e.g. wavelength 
and power) desired for such an array. When the substrate is made of a cleaveable 
material such as GaAs, it can be produced with relatively small dimensions thereby 
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minimizing the thermal resistance between the laser diode and the ultimate heat sink. 
The resulting laser diode package can used for continuous wave (CW) modes of 
operation or for pulsed modes of operation. 

The above summary of the present invention is not intended to represent each 
embodiment, or every aspect, of the present invention. This is the purpose of the figures 
and the detailed description which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will become apparent upon reading 
the following detailed description and upon reference to the drawings in which: 

FIG. 1 is an end view of the inventive laser diode package; 

FIG. 2 is a perspective view of the inventive laser diode package; 

FIG. 3 is a perspective view of a laser diode array comprised of the laser diode 
packages of FIGS. 1 and 2; 

FIG. 4 is a top view of the laser diode array of FIG. 3; 

FIG. 5 is an end view of the laser diode array of FIG. 3 including a heat spreader 
for mounting the laser diode array; 

FIG. 6 is a perspective view of the laser diode array mounted on a heat exchanger; 
FIG. 7 is an end view of FIG. 6; 

FIG. 8 is a perspective view of the laser diode package of FIG. 1 during assembly; 
FIG. 9 is an end view of FIG. 8; 

FIG. 10 is a perspective view of the laser diode package of FIG. 1 during 
assembly; 

FIG. 1 1 is an end view of FIG. 10; 

FIG. 12 is a perspective view of an alternative laser diode package for use with a 
collimating lens; 

FIG. 13 is an end view of FIG. 12; 
FIG. 14 is a side view of FIG. 12; 

FIG. 15 is a laser diode array assembly with a plurality of collimating lens 
mounted thereto; and 

FIG. 16 is a cross-sectional view of a laser diode array having potting material 
present therearound. 
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While the invention is susceptible to various modifications and alternative forms, 
a specific embodiment thereof has been shown by way of example in the drawings and 
will herein be described in detail. It should be understood, however, that it is not 
intended to limit the invention to the particular forms disclosed. To the contrary, the 
5 intention is to cover all modifications, equivalents, and alternatives falling within the 
spirit and scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring initially to FIGS. 1 and 2, a laser diode package 10 includes a heat sink 
12, a laser diode bar 14, and a lower substrate 16. The laser diode bar 14 is attached to 
10 the heat sink 12 through a first solder layer 18. The substrate 16 is attached to the heat 
" " sink 12 through a second solder layer 20. The laser diode bar 14 may also include a bar 
solder layer 22 on its side which opposes the heat sink 12. The method by which such a 
bar solder layer 22 is applied is described in detail with respect to FIGS. 8-11. 

The laser diode bar 14 has an emitting surface 24 at its upper end and a reflective 
15 surface 26 that opposes the emitting surface 24. The height of the laser diode bar 14 is 
defined as the distance between the emitting surface 24 and reflective surface 26. The 
junction of the laser diode 14, which is the region at which the photons are emitted from 
the laser diode bar 14, is typically closer to the heat sink 12. However, the junction of 
the laser diode bar 14 can be closer to the exposed end of the laser diode bar 14 on which 
20 the solder layer 22 is placed. Electrical power is guided to defined regions of the 

junctions by providing electrically conductive material within the laser diode bar 14 
adjacent those emitting regions and less electrically conductive material outside those 
regions. Thus, the laser diode bar 14 has a multitude of emission points on the emitting 
surface 24 corresponding to those regions where electrical energy is converted into 
25 optical energy. When the electrical power is applied to the laser diode package 10, the 
photons propagate through the junction, are reflected off the reflective surface 26, and 
consequently emit only from the emitting surface 24 in a direction perpendicular to it. 

The heat sink 12 of the laser diode package 10 is made of a material that is both 
electrically and thermally conductive, such as copper. Electrical conductivity is required 
30 to conduct the electrical current through the laser diode bar 14 to produce the optical 
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energy. Thermal conductivity is needed to conduct the intense heat away from the laser 
diode bar 14 and maintain the laser diode bar 14 at a reasonable operating temperature. 

The substrate 16 serves the function of electrically isolating the current- 
conducting heat sink 12 from the ultimate heat sink, which is typically a metallic heat 
5 exchanger. The substrate 16 can be a variety of materials which are electrically 

insulative. In a preferred embodiment, the substrate 16 is made of semi-insulating or 
undoped gallium arsenide ("GaAs"). While GaAs is also a hazardous material, it can be 
cleaved to make the substrates which eliminates the need for any mechanical processes 
resulting in dust particles. The substrate 16 made of an electrically insulative material, 

10 such as GaAs, must have a metalization layer if its surface is to be soldered. 

Further, if the substrate 16 is made of GaAs, it can be cleaved such that its 
dimensional tolerances are very small (e.g. ±2-3 microns) such that its width can be 
approximately the same width of the heat sink 12. Substrates made from GaAs can be 
made by polishing a wafer of GaAs to the desired thickness and cleaving the wafer into 

15 numerous substrates. The polished thickness of the wafer corresponds to the height of 
the substrate 16 that is present below the second solder layer 20 as shown in FIG. 1. If 
the substrate 16 is to be soldered, it is metallized after being polished. For example, the 
GaAs substrate 16 has a height in the range from about 0.003 inch to about 0.006 inch. 
Because the height is so small, the thermal resistance between the lowermost surface of 

20 the heat sink 12 and the ultimate thermal heat sink (e.g. a heat exchanger) is very small. 
Further, when the electrically insulative substrate 16 is made this thin, the overall height 
of the package 10 can be reduced as well. 

While the substrate 16 is preferably made of cleavable GaAs, the substrate 16 
may be made of other electrically insulative materials, such as diamond, boron nitride, 

25 silicon, or aluminum nitride, which have a high thermal conductivity. Further, the 

substrate 16 could be made of beryllium oxide. Also, it is possible to attach the substrate 
16 to the heat sink 12 with an adhesive. 

It is also possible to provide the lowermost surface of the heat sink 12 with an 
electrically insulative coating, such as silicon oxide. Such a coating would make the heat 

30 sink 12 and substrate 16 integral while providing adequate electrical insulation and 

minimal thermal resistance. Further, it is also possible to make the heat sink 14 from an 
electrically nonconductive base material which has a metallic region, such as a solder 
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coating over its uppermost surface, for conducting the electrical current through the laser 
diode bar 14. 

The heat sinks 12 of the laser diode packages 10 are preferably manufactured in 
such a way to have the material for the solder layers 18 and 20 on their exterior surface 
5 (i.e. "pretinned"). First, the heat sinks 12, which are preferably copper, are dipped into a 
rosin based flux to prepare their exterior surfaces for being coated with a solder layer. 
The flux is preferably an activated rosin flux such as Alpha No. 809 flux manufactured 
by the Alpha Metals of Jersey City, NJ. After the heat sinks 12 have been dipped into the 
flux, they are then dipped into molten indium which results in a solder layer on their 

10 exterior surfaces. Next, the end surfaces of the heat sinks 12 are placed on a hot plate 
which maintains their temperature above the melting point of indium (~157°C) so that 
the excess indium can be blown from the exterior surfaces with air. Alternatively, the 
excess solder can be removed through a solder wick material, such as mesh copper fibers. 
In a further alternative, the heat sinks 12, once removed from the molten indium, are 

15 subjected to a hot air source which has a temperature above the melting point of the 
indium. This eliminates the need for a hot plate. In these alternative processing steps, 
the goal is to provide a relatively even thickness of the indium solder layer. Preferably, 
the solder layer on the exterior surface of each heat sink 12 has a thickness of about 1-5 
mils (about 0.001 inch to about 0.005 inch). 

20 Once the excess indium is removed and the desired indium thickness is achieved, 

the heat sinks 12 are dipped into acetone to remove any additional flux that may be 
present on their exterior surfaces. The heat sinks 12 are then stored in an environment 
where oxidation of the indium is inhibited. One example of such an environment is a 
hexane bath into which the heat sinks 12 are submerged. Alternatively, the heat sinks 12 

25 may be dipped into a flux cleaning solution followed by immersion into an antioxidation 
solution. Both of these solutions are manufactured by Kester Solder Corporation of Des 
Plaines, IL. 

Consequently, the first and second solder layers 18 and 20 can be produced by a 
single solder layer present on the entire heat sink 12. This eliminates the need to 
30 accurately locate individual solder layers for interfacing with the laser diode bar 14 and 
the substrate 16 although such a methodology will also perform the desired function. It 
should be noted that the figures do not illustrate a constant layer of solder around the heat 
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sinks 12, but only reveal the existence of such a solder layer in areas where a solder bond 
exists. 

During the assembly process, the individual who is assembling the laser diode 
package 10 can determine whether the emitting surface 24 of the laser diode bar 14 
5 extends too far above or too far below the upper surfaces of the heat sink 12. If the 

emitting surface 24 is located too far above the heat sink 12, there is no place for the heat 
produced on the upper portion of the laser diode bar 14 adjacent to the emitting surface 
24 to be conducted which is one of the primary purposes of the heat sink 12. If this is the 
case, then it is likely that the laser diode bar 14 will catastrophically fail due to an 

10 extreme temperature condition. On the other hand, if the emitting surface 24 of the laser 
diode bar 14 is positioned too far below the upper surface of the heat sink 12, then the 
output energy of the laser diode bar 14 may be reduced due to the fact that the side 
surface of the heat sink 12 facing the laser diode bar 14 will absorb or undesirably reflect 
the emitting energy which causes a reduction in the output of laser diode bar 14. 

1 5 Consequently, it is preferred that the emitting surface 24 be positioned substantially flush 
(i.e. substantially coplanar) with the upper surfaces of the heat sink 12. In the preferred 
embodiment, the emitting surface 24 is positioned within about 1 mil (i.e. ± 0.001 inch) 
of the upper surfaces of the heat sink 12. 

Referring now to FIG. 3, a laser diode array 30 is illustrated which includes four 

20 laser diode packages 10a, 10b, 10c, lOd. These laser diode packages 10 are configured in 
the manner shown with respect to FIGS. 1 and 2. The laser diode array 30 also includes 
an end heat sink 32 which mates against the laser diode bar 14 of the laser diode package 
lOd. The end heat sink 32 is no different than the heat sink 12 shown in FIGS. 1 and 2 
except for the fact that it is not packaged with a laser diode bar. 

25 To attach each heat sink of a laser diode package 10 to the diode bar of the 

adjacent laser diode package 10, the laser diode bars 14 of the laser diode array 30 are 
subjected to a rosin-activated flux ("RA flux") which assists in adhering the solder layer 
22 to the adjacent heat sinks. The packages are then heated to the point where the bar 
solder layer 22 (FIGS. 1 and 2) liquefies (e.g. ~157°C when pure indium is used). To 

30 this end, the bar solder layer 22 is preferably made of a lower melting temperature solder 
than the first solder layer 18 and the second solder layer 20 such that the heating process 
to liquefy the bar solder layer 22 does not also liquefy the first and second solder layers 
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18 and 20. This is especially needed when the heat sink 12 has been entirely coated with 
a solder layer, such as pure indium, as described above. For example, the solder layer 22 
may be an indium alloy solder with a melting point of 143°C. Once the heat which 
causes the reflow of the solder layer 22 is removed, the solder layer 22 again solidifies to 
5 produce one integral unit as is shown in FIG. 3. When the heat sink 12 is pretinned with 
pure indium on its exterior surfaces, the solder layer 22 on the laser diode bar 14 adheres 
to the pure indium that is present on the heat sink 12. The laser diode array 30 is then 
cleaned by immersion in a heated acetone bath after which the laser diode array 30 is 
stored in a low humidity environment (e.g. a desiccant cabinet or a dry box). 

10 Alternatively, the laser diode array 30 can be subjected to a forced spray of acetone. 
Because the reflective surfaces 26 of the laser diode bars 14 in the packages 10 are 
exposed between adjacent heat sinks 12, the reflective surfaces 26 of all of the laser 
diode bars 14 and, of course, the emitting surfaces 22 can be cleaned in this cleaning 
step. Also, while the multi-bar array 30 has been described, a single package 10 can be 

1 5 made integral with a free heat sink (i.e. like heat sink 32) to make a one bar array. 

FIG. 4 is a top view of the laser diode array 30 of FIG. 3 which illustrates the 
relative dimensions of the heat sink 12 and the diode bar 14. Each heat sink 12 has a 
width of less than about 0.2 inch, and preferably about 0.12 inch, and a length of about 
0.4 inch. The height of each heat sink 12 is about 45 mils (0.045 inch), as shown in FIG. 

20 3, before being dipped in the molten solder that produces the solder layers 18 and 20. 
After being dipped, the height is about 50 mils (0.050 inch). Considering the height of 
the substrate 16 is only about 3 mils to about 6 mils when GaAs is used, the overall 
height of the package 10 is about 50-60 mils (0.050 inch to 0.060 inch). The laser diode 
bar 14 has a width of approximately 5 mils (0.005 inch) and the height of the laser diode 

25 bar 14 is usually about 20-25 mils (0.020 inch to 0.025 inch). Also, if the array 30 is to 
be operated in a pulsed mode, the width of the heat sinks 12 can be reduced since the 
average waste heat produced is less. For example, the heat sink 12 may have a width of 
only about 0.005 inch to about 0.02 inch for pulsed mode arrays. 

FIG. 5 illustrates a laser diode array assembly 33 with a laser diode array 30 and 

30 heat spreader structure 34. The heat spreader structure 34 generally includes a plurality 
of fasteners 36 to attach the entire assembly to a heat exchanger positioned therebelow. 



WO 00/59086 PCT7US00/08301 

10 

The heat spreader 34 is typically made of highly thermal conductive material such as 
copper. 

To attach the laser diode array 30 to the heat spreader 34, a substrate solder layer 
38 is located between the substrate 16 of each package 10 and the heat spreader 34. To 
5 ensure that the solder layers 18, 20, and 22 of each laser diode package 10 do not liquefy 
during attachment, the substrate solder layer 38 is preferably made of a lower 
temperature solder than the other solder layers present in the laser diode package 10. 
Alternatively, if the laser diode array 30 is to be assembled from the laser diode packages 
10 at the same time as the laser diode array 30 is attached to the heat spreader 34, the bar 

10 solder layer 22 and the substrate solder layer 38 can be made of the same material such 
that the heating of the overall assembly causes the two solder layers 22 and 38 to liquefy 
and, after cooling, form the integral unit. As can be seen in FIG 5, each individual 
substrate 16 of the array 30 is spaced away from adjacent substrates 16 such that its side 
surfaces are free from contact adjacent substrates 16. 

15 To create optical energy, electrical current must be conducted through each laser 

diode bar 14 of the laser diode array 30. When viewing the laser diode array 30 from left 
to right in FIGS. 3 or 5, the electrical current flows into the heat sink of the first package 
10a, into the adjacent laser diode, and continues through each package 10 before exiting 
through the free heat sink 32. There is no electrical path below each laser diode package 

20 10 due to the substrate 16. It is this electrical current through the laser diodes 12 that 
produces the optical energy from the laser diode assembly 10. 

It should be noted that due to the manufacturing process by which the laser diode 
bar 14 is produced, the laser diode 14 inherently includes some curvature along its 
length. Because of this inherent curvature, the distance from the exterior surfaces of the 

25 laser diode bar 14 to the surfaces of the adjacent heat sinks 12 will vary as a function of 
the length of laser diode bar 14. This resulting gap between the laser diode bar 14 and 
the heat sinks, which varies in size, is filled with the appropriate thickness of solder such 
that contact with the heat sinks is established along the entire length of the laser diode bar 
14. In other words, the process by which the laser diode array 30 is assembled tends to 

30 provide a constant electrical contact along the entire length of the laser diode bars 14 
even though the laser diode bar 14 has an inherent curvature which could normally 
produce voids in the solder contact. Furthermore, it should be noted that even if voids 
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appear adjacent to the laser diode bar 14 after the assembly process, additional solder can 
be added to fill in these voids to maintain the appropriate electrical and thermal contact 
along the entire length of the laser diode bar 14. 

FIGS. 6 and 7 illustrate a laser diode array assembly 40 which includes the laser 
5 diode array 30 attached directly to a heat exchanger 41. This configuration is different 
than the assembly shown in FIG. 5 in that no heat spreader 34 is present as the laser 
diode array 30 is soldered directly onto the ultimate heat sinking reservoir, the heat 
exchanger 41. The heat exchanger 41 includes mounting sections 42, each of which 
includes a bore 43 for passage of a fastener. The internal fins (not shown) of the heat 

10 exchanger 41 are located within the body 44 of the heat exchanger 41 . Fluid passes into 
the body 44 through an inlet 46 and the fluid is discharged from the body 44 through an 
outlet 48. The side of the body 44 includes a contact 50 for receiving the requisite 
electrical input energy. The contact 50 includes two leads 52 for connecting the heat sink 
12 of the first laser diode package 10a to the top contact 50 and the free end heat sink 32 

15 to the bottom contact 50. Each of the contacts 52 are electrically insulated on their 
surfaces contacting the body 44 of the heat exchanger 40 to ensure current flows only 
into the laser diode array 30. 

FIGS. 8-11 illustrate the two steps by which the bar solder layer 22 is applied to 
the laser diode bar 14: In FIGS. 8 and 9, a solder deposit 22a is placed on a portion of 

20 the laser diode bar 14. At this point, the entire laser diode package 10 can be heated to 
the point above the solder melting point of the solder deposit 22a. Once the solder 
deposit 22a is placed on a laser diode bar 14, the goal is to spread the solder deposit 22a 
evenly along the entire length of the laser diode bar 14 to create a thin solder layer. 
Because of the existence of the first and second solder layers 18 and 20 in the laser diode 

25 package 10, the solder for the solder deposit 22a is chosen to have a lower melting 
temperature than the first and second solder layers 18 and 20. 

As shown in FIGS. 10 and 1 1, a wetting structure 54, which can be simply a piece 
of copper foil, is placed at a location where it engages the solder deposit 22a. Due to 
capillary action, the solder deposit 22a begins to move along the length of the wetting 

30 structure 54 so as to cover the entire laser diode bar 14. While this wetting structure 54 
is performing its function, heat is being applied to the laser diode package 10 to maintain 
the solder deposit 22a in its liquid form. One method by which the entire assembly is 
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heated is by placing the lower surface of the substrate 16 against a heating plate. The 
wetting structure 54 is moved away from the laser diode bar 14 while the solder layer 22 
is still in its liquid form. 

FIGS. 12-14 illustrate an alternative laser diode package 60 which includes 
structure for mounting a lens. The laser diode package 60 includes a heat sink 62, a laser 
diode bar 64 and a substrate 66, just as in the configurations shown in FIGS. 1 and 2. 
The laser diode bar 64 and the substrate 66 are soldered to the heat sink 62 in a similar 
manner described with reference to FIGS. 1 and 2. The laser diode bar 64 preferably has 
a bar solder layer 72 applied to its exposed side in the manner described with reference to 
FIGS. 8-11. 

The heat sink 62 includes at each end a lens mount 74 which extends upwardly in 
the direction away from the substrate 66. The lens mount 74 further includes two flat 
surfaces 76 which receive an ultra-violet radiation ("UV") activated adhesive. When a 
lens is placed in its final alignment position, the package 60 is exposed to UV radiation 
which activates the UV adhesive and holds the lens in its final position. 

FIG. 15 illustrates a laser diode array 80 which includes a plurality of lenses 82. 
The laser diode array 80 is comprised of five laser diode packages 60a, 60b, 60c, 60d, 
and 60e, as described with reference to FIGS. 12-14. Adjacent to the laser diode package 
60e is a free heat sink 84 which is soldered to the laser diode bar within the laser diode 
package 60e. The free heat sink 84 also includes the lens mount structure as described 
with reference to FIGS. 12-14. Each of the lenses 82 bridges two adjacent heat sinks 62 
(FIGS. 12-14) such that its center point is approximately over the emission point of the 
laser diode bars. Thus, the laser diode array 80 can produce a variety of laser beam 
outputs depending upon the type of lens 82 that is employed. It should be noted that the 
UV radiation can be exposed to the entire laser diode array 80, instead of each package 
60, to activate the UV-activated radiation and secure the array of lenses 82 in their final 
state. 

FIG. 1 6 illustrates a cross-section of an alternative laser diode array assembly 90 
which has the laser diode array 30 mounted on the heat spreader 34, as described 
previously in FIG. 5, with potting material placed entirely therearound. A first potting 
material 92 is present along the sides of the laser diode arrays 30 and on the front and 
back faces (i.e. in the plane of the paper) of the laser diode array 30. The potting material 
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92 can also be present between adjacent heat sinks of the packages. A second potting 
material 94 that is transparent to the optical energy being emitted from the laser diode 
array 30 is at the top of the laser diode array 30. The potting materials 92 and 94 can be 
made of various materials including, for example, an RTV. 
5 Two leads 96 extend from the outer heat sinks through the potting material 92. 

Thus, the only portions of the laser diode array assembly 90 which are exposed to the 
environment are the two leads 96 and the bottom of the heat spreader 34. This laser 
diode array assembly 90 can be used in a variety of atmospheres which would normally 
contaminate the laser diode array 30. Furthermore, placing potting material 92 around 
10 the heat sinks 12 which conduct the electrical current can minimize the chance for 

current arcing between the heat sinks 12 and the metallic heat spreader 34 positioned 
below it. Minimizing the chances for current arcing is especially important in arrays 
having large numbers of laser diodes where higher voltages are required to produce the 
desired optical output. 

15 Each of these embodiments and obvious variations thereof is contemplated as 

falling within the spirit and scope of the invention, which is set forth in the following 
claims. 
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WHAT IS CLAIMED IS: 

1. A laser diode package, comprising: 

a laser diode having an emitting surface and a reflective surface opposing said 

emitting surface, said laser diode having first and second side surfaces 

between said emitting and reflective surfaces; 
a heat sink having an upper surface and a lower surface, said first side surface of 

said laser diode being attached to said heat sink adjacent to said upper 

surface; and 

a substrate primarily composed of gallium arsenide and attached to said lower 
surface of said heat sink. 

2. The laser diode package of claim 1, wherein said substrate and said heat sink 
have approximately the same width dimension. 

3. The laser diode package of claim 1, further including a first solder layer between 
said first side surface of said laser diode and said heat sink. 

4. The laser diode package of claim 3, further including a second solder layer 
between said lower surface of said heat sink and said substrate. 

5. The laser diode package of claim 4, wherein said first and second solder layers 
are made of the same material. 

6. The laser diode package of claim 5, further including a third solder layer along 
said second side surface of said laser diode for attaching said laser diode to another 
structure, said third solder layer being made of a different material than said first and 
second solder layers. 

7. The laser diode package of claim 1, wherein said emitting surface of said laser 
diode is substantially flush with said upper surface of said heat sink. 

8. The laser diode package of claim I, wherein said heat sink is made of copper. 

9. The laser diode package of claim 8, wherein said heat sink has exterior surfaces 
with a layer of material thereon for producing solder bonds with said substrate and said 
laser diode. 

10. The laser diode package of claim 9, wherein said layer of material includes 
indium. 

1 1 . The laser diode package of claim 1 , wherein said substrate has a top surface that 
is attached to said heat sink, a bottom surface for attachment to a thermally conductive 
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structure, and side surfaces between said top and bottom surfaces being generally free of 
contact from any structure. 

12. The laser diode package of claim 1, wherein said heat sink further includes a lens 
mounting structure. 

5 13. The laser diode package of claim 1, wherein said substrate has a height between 
about 0.003 and about 0.006 inch. 

14. The laser diode package of claim 1, wherein package has a package height 
substantially defined by heights of said substrate and said heat sink, said package height 
being less than about 0.06 inch 
10 15. A laser diode package, comprising: 

a heat sink having an upper portion and a lower portion; 
a laser diode mounted to said upper portion of said heat sink; and 
an electrically insulative substrate attached to said lower portion of said heat sink 
and having a width that is approximately a width of said heat sink. 
15 16. The laser diode package of claim 15, wherein said substrate and said laser diode 
are made from the same basic material. 

17. The laser diode package of claim 18, wherein said material is gallium arsenide. 

18. The laser diode package of claim 15, wherein said substrate is made from a 
cleaveable material. 

20 19. The laser diode package of claim 18, wherein said cleavable material is gallium 
arsenide. 

20. The laser diode package of claim 15, wherein said laser diode has an emitting 
surface, said emitting surface being generally perpendicular to a height dimension of said 
heat sink defined between said lower and upper portions. 
25 21 . The laser diode package of claim 15, wherein said heat sink has uppermost and 
lowermost surfaces, said laser diode being mounted along a side surface between said 
uppermost and lowermost surfaces. 

22. The laser diode package of claim 21, wherein said electrically insulative substrate 
is attached to said lowermost surface. 
30 23. The laser diode package of claim 21, wherein said laser diode is substantially 
flush with said uppermost surface of said heat sink. 
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24. The laser diode package of claim 15, wherein said electrically insulative substrate 
has a top surface that is attached to said heat sink, a bottom surface for attachment to a 
thermally conductive structure, and side surfaces between said top and bottom surfaces 
being generally free of contact from any structure. 
5 25. The laser diode package of claim 15, wherein said heat sink has exterior surfaces 
with a layer of material thereon for producing solder bonds with said substrate and said 
laser diode. 

26. The laser diode package of claim 25, wherein said layer of material includes 
indium. 

10 27. The laser diode package of claim 15, wherein said heat sink width is less than 
about 0.2 inch. 

28. A laser diode package, comprising: 

a heat sinking structure having an upper region and a lower region, said lower 

region including an electrically non-conductive portion for attachment to a 
1 5 thermally conductive structure; and 

a laser diode mounted to said upper region of said heat sinking structure. 

29. The laser diode package of claim 28, wherein said electrically nonconductive 
portion and said laser diode are made from the same basic material. 

30. The laser diode package of claim 29, wherein said material is gallium arsenide. 
20 31. The laser diode package of claim 28, wherein said heat sinking structure has a 

generally constant width between said upper and lower region. 

32. The laser diode package of claim 28, wherein said upper region is metallic and 
said lower region is metallic outside of said electrically nonconductive portion. 

33. The laser diode package of claim 28, wherein said lower region further includes a 
25 metallic portion, said metallic portion and said electrically nonconductive portion being 

discrete components being attached to each other. 

34. Tae laser diode package of claim 33, wherein said metallic portion and said 
electrically nonconductive portion are attached via a solder bond. 

35. The laser diode package of claim 35, wherein said upper region is metallic, said 
30 upper region and said metallic portion of said lower region being an integral structure. 



WO 00/59086 PCT/US00/08301 

17 

36. The laser diode package of claim 28, wherein said laser diode further includes a 
solder layer on a side surface opposing said heat sinking structure for attaching said 
package to an adjacent heat sink. 

37. The laser diode package of claim 30, wherein upper region is metallic. 

38. The laser diode package of claim 30, wherein said heat sinking structure has a 
height of less than about 0.06 inch. 

39. A laser diode array, comprising: 

a plurality of heat sinks positioned generally parallel to each other; 

a plurality of laser diodes each of which is located between adjacent ones of said 

plurality of heat sinks; and 
a plurality of electrically insulative substrates attached to a respective one of said 

plurality of heat sinks. 

40. The laser diode array of claim 39, further including a thermally conductive 
structure positioned below and attached to said plurality of electrically insulative 
substrates. 

41 . The laser diode array of claim 40, wherein said thermally conductive structure is 
soldered to said plurality of electrically insulative substrates. 

42. The laser diode array of claim 41, wherein said plurality of electrically insulative 
substrates are made of gallium arsenide. 

43. The laser diode array of claim 40, wherein said thermally conductive structure is a 
heat exchanger. 

44. The laser diode array of claim 39, wherein said plurality of electrically insulative 
substrates are made from a cleaveable material. 

45. The laser diode array of claim 39, wherein each of said plurality of laser diodes 
has an emitting surface, said emitting surface being generally flush with an adjacent one 
of said heat sinks. 

46. The laser diode array of claim 39, wherein each of said plurality of heat sinks has 
uppermost and lowermost surfaces, said laser diodes being mounted along a side surface 
between said uppermost and lowermost surfaces. 

47. The laser diode array of claim 46, wherein each of said substrates is attached to a 
respective one of said lowermost surfaces. 
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48. The laser diode array of claim 39, wherein each of said plurality of heat sinks has 
exterior surfaces with a layer of material thereon for producing solder bonds with a 
respective one of said plurality of heat sinks. 

49. The laser diode array of claim 48, wherein said layer of material is indium. 

5 50. The laser diode array of claim 48, wherein each of said plurality of laser diodes is 
prefabricated with a solder layer on an exposed side surface for attachment to an adjacent 
heat sink. - 

5 1 . The laser diode array of claim 39, wherein each of said plurality of laser diodes 
includes an emitting surface and a reflective surface, said reflective and emitting surfaces 

10 being accessible for cleaning. 

52. The laser diode array of claim 39, further including potting material placed 
generally around said plurality of heat sinks. 

53. A laser diode array, comprising: 

a plurality of laser diode packages each of which includes a heat sink with upper 
1 5 and lower portions, a laser diode bar attached to said upper portion of said 

heat sink, and an individual electrically insulative substrate attached to 
said lower portion of said heat sink; and 
wherein said heat sinks of said plurality of laser diode packages are soldered to 

laser diode bars on adjacent ones of said plurality of laser diode packages. 
20 54. The laser diode array of claim 53, further including a thermally conductive 
structure positioned below and attached to said plurality of individual electrically 
insulative substrates. 

55. The laser diode array of claim 54, wherein said thermally conductive structure is 
soldered to said plurality of electrically insulative substrates. 
25 56. The laser diode array of claim 54, wherein said plurality of electrically insulative 
substrates are made of gallium arsenide. 

57. The laser diode array of claim 54, wherein said thermally conductive structure is a 
heat exchanger. 

58. The laser diode array of claim 53, wherein said heat sinks have exterior surfaces 
30 with a layer of material thereon for producing solder bonds with a respective one of said 

electrically insulative substrates. 

59. The laser diode array of claim 58, wherein said layer of material is indium. 
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60. The laser diode array of claim 53, wherein said each of said laser diodes further 
include a solder layer on a side surface opposing said heat sink of said package, said 
solder layer for attaching said package to an adjacent heat sink of an adjacent package. 

6 1 . The laser diode array of claim 53, wherein each of said plurality of laser diodes 
includes an emitting surface and a reflective surface, said reflective and emitting surfaces 
being accessible for cleaning. 

62. The laser diode array of claim 53, further including potting material placed 
generally around said heat sinks. 

63. A method of manufacturing an individual laser diode package to be used in a laser 
diode array, comprising the steps of: 

providing a laser diode bar; 

providing a heat sink having upper and lower portions; 
providing an electrically insulative substrate; 

soldering said laser diode to said upper portion of said heat sink so as to leave a 

surface of said laser diode opposing said heat sink exposed; and 
soldering said insulative substrate to said lower portion of said heat sink. 

64. The method of claim 63, wherein said soldering steps occur substantially 
simultaneously. 

65. The method of claim 63, further including the step of adding a solder layer to said 
exposed surface of said laser diode opposing said heat sink. 

66. The method of claim 63, further including the step of applying a solder layer to 
exterior surfaces of said heat sink. 

67. The method of claim 66, further including the step of allowing said solder layer to 
solidify on said heat sink. 

68. The method of claim 66, wherein said steps of soldering said insulative substrate 
and said laser diode include the steps of contacting said insulative substrate and said laser 
diode to said solder layer of said heat sink and heating said heat sink. 

69. The method of claim 68, further including the step of applying a solder layer to 
said exposed surface of said laser diode. 
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70. The method of claim 69, wherein said solder layer on said exposed surface of said 
laser diode has a lower melting temperanire than the solder used for said steps of 
soldering said laser diode and said insulative substrate to said heat sink. 

71 . The method of claim 63, further including the step of cleaning said laser diode 
after said soldering steps. 

72. The method of claim 71, wherein step of cleaning said laser diode includes 
spraying acetone on a reflective and emitting surfaces of said laser diode. 
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